Based on dental and cranial characters, cladistic status of Leontopithecus within the family Callitrichidae and its interspecific relationships are analyzed.
Introduction
Leontopithecus survives in three separated patches of the tropical rain forest along the southeastern coast of Brazil. Leontopithecus is among the most endangered, rarest and least known New World monkeys.
In addition, few skeletal materials are available in museum collections around the world (e. g., NAPIER, 1976; ALBRECHT, 1982) . Recently, there have been a few hypotheses about the phylogenetic status of the genus Leontopithecus within the Callitrichidae. BYRD (1981) classified Leontopithecus and Saguinus into a monophyletic group based on the dental eruption. FORD (1980) suggested that Saguinus was more closely related to Callithrix-Cebuella than either was to Leontopithecus on the basis of their sharing derived postcranial traits. ROSEN-BERGER (1979) and ROSENBERGER and COIMBRA-FILHO (1984) united Leontopithecus with Callithrix-Cebuella based mainly on the dental characters.
The discrepancies about the status of Leontopithecus warrants further study.
The genus Leontopithecus consists of L. chrysopygus, L. rosalia and L, chrysomelas HERSHKOVITZ, 1977; ROSENBERGER and COIMBRA-FILHO, 1984) were reported among them. L. chrysopygus shares with L, chrysomelas the same configuration of a basically black coat of fur (COIMBRA-FILHO and MIT-TERMEIER, 1972; HERSHKOVITZ, 1977; ROSENBERGER and COIMBRA-FILHO, 1984) . The upper incisors of L, chrysopygus and L. rosalia are similar to each other. However, these features are primitive character states (HERSHKOVITZ, 1977; ROSENBERGER and COIMBRA-FILHO, 1984) . Synapomorphous characters have not been found within Leon topithecus.
Therefore, cladistic interpretation of the interrelationships of the three species can not be achieved without additional evidence.
Dental and cranial characters provide a important information to reconstruct mammalian phylogeny.
These characters have been widely used for analyzing cladistic relationship among primates. One purpose of the present study is the analysis of the cladistic status of Leontopithecus within the Callitrichidae and its interspecific relationships on the basis of dental and cranial characters.
Many investigators have pointed out that the present distribution of species and subspecies in the relatively uniform forested habitats of the Neotropics was largely the product of Pleistocene climate fluctuations (HAFFER, 1969; VANZOLINI and WILLIAMS, 1970; MULLER,1973 ; PRANCE, 1973; BROWN et al., 1974; BROWN, 1975; JACKSON, 1978; KINZEY, 1982 etc.) .
The ranges of forest species had been repeatedly disrupted by glacial-epoch dry periods with many species surviving only in geographically isolated refuges.
These events have provided an excellent environment for the differentiation. KINZEY (1982) (1978) . Another purpose of this study is testing the two hypotheses proposed by KINZEY (1982) using the interspecific relationships of Leontopithecus and Callithrix which are distributed in southeastern Brazil.
Materials and Methods
In the present study, the nomenclature and classification in ROSENBERGER and COIMBRA- FILHO (1984) has been used for Leontopithecus, thereby recognizing the following three species; Leontopithecus chrysopygus, Leontopithecus rosalia and Leontopithecus chrysoinelas. The materials of Leontopithecus used in this study (Table 1) were obtained from the collections in the Centro de Primatologia do Rio de Janeiro (Rio de Janeiro, Brazil; CPRJ-FEEMA), the Museu Nacional de Rio de Janeiro (Universidade Federal, Rio de Janeiro, Brazil ; MNRJ), the U. S. National Museum of Natural History (Washington, D. C., U. S. A.). The mixed-sex samples were used for the character analysis since no significant sexual differences were found in the dental and cranial characters employed here. The terminology of dental crown structure suggested mainly by MAIER and SCHNECK (1981), partly SZALAY (1969) , ORLOSKY (1973), and KINZEY (1976) is followed (see NATORI, 1986) . The nomenclature of the cranial structure follows mainly human anatomy (see CLEMENTE, 1985) . The systematic methodologies employed in this study are described in ELDREDGE and CRACRAFT (1980) and WILEY (1981 In L, chrysomelas, the lingual cingulum is strongly thickened and the lingual fossa is quite deep ( Figure 1A ). In L. chrysopygus and L. rosalia, the lingual cingulum is not developed, and runs continuously from the mesial corner of the distal one ( Figure 1B ). This structure is seen in Callimico, Callithrix, Cebuella and almost all Saguinus species.
Therefore, upper incisors of L, chrysomelas are considered to have a derived character state One is seen in P2 of L. chrysomelas, of which the contour shows oval shape and is similar to those of P3 and P4 ( Figure 2A ). The other type is where the contour of P2 has almost a round shape and is different from those of P3 and P4 ( Figure 2B ). This structure is possessed by P2 of L. chrysopygus and L. rosalia.
Since the Callitrichidae other than L. chrysopygus and L, rosalia have oval-shaped P2, the round-shaped P2 is regarded as a derived character state within Leontopithecus. Within the Callitrichidae, Callimico has the most developed hypocone on M1. The hypocone in Saguinus is more reduced than that in Callimico. In the hypocone, Leontopithecus ( Figure 3A ) is more developed than Callithrix and Cebuella ( Figure 3B ), but more reduced than all Saguinus species besides S. oedipus and S. geoffroyi ( Figure 3C ). In regard to the degree of its reduction, Leontopithecus is similar to S. oedipus and S. geoffroyi (NATORI, 1988) .
On M1, the family Cebidae have a larger hypocone than Callimico. The hypocone of Callimico is smaller than that of Micodon which was identified as a Miocene Callitrichidae (SETOGUCHI and ROSENBERGER, 1984) . In the Callitrichidae, therefore, Callimico has a plesiomorphy in this character, and the more the hypocone is reduced, the more the condition is derived. When food is sufficiently softened for the occlusal surfaces of upper and lower teeth to come into close contact, wear results in the slopes of cusps, behind the leading edges of ridges and in the basins. On M1 of Callimico, the wear facet 7n is developed on the distal slope of the hypocone (RosEN-BERGER, 1979; KAY, 1980) , and the corresponding lower facet is produced on the buccal surface of the premetacristid of M2. On M1 and M2 of all Saguinus species, some individuals have this facet ( Figure 4A ) but others do not. Leontopithecus does not have the wear facet 7n on M1 and M2. As an individual variation, Callithrix and Cebuella have the wear facet which is developed on the distolingual slope of the entocingulum of M1. This is, however, not the wear facet 7n but facet 6, because the wear surface corresponding to this facet is produced of Leontopithecus 161 on the mesiobuccal slope of the entoconid of M1 ( Figure 4B ). Accordingly, Callithrix and Cebuella, as well as Leontopithecus, do not possess the facet 7n on M1 and M2.
The hypocone of M1 i n S. oedi pus and S.
geoffroyi is as reduced as that in Leontopithecus. These tamarins retain the facet 7n as an individual variation with the other Saguinus. However, Leontopithecus completely lost the wear facet 7n with Callithrix and Cebuella. This evidence reveals that the similarity between Leontopithecus and [S. oedipus and S. geoffroyi] is a homoplasy, and only the hypocone condition of Leontopithecus led to that of Callithrix and Cebuella.
2) Cranial characters
In Leontopithecus, a couple of septa connect the promontory of the middle ear with the inner surface of the auditory bulla ( Figure 5A ). These septa are also seen in Callithrix and Cebuella ( Figure 5B ), whereas Callirnico, Saguinus and the Cebidae do not have the structure ( Figure 5C ). Thus the existence of the septa in the typanic cavity is considered an apomorphous character state within the Callitrichidae (NATORI, 1987) .
Leontopithecus has a pair of deep recesses on either side of midline near the middle of the underside of their cranium (DU BRUL, 1965; HERSHKOVITZ, 1949 HERSHKOVITZ, , 1977 ROSEN-BERGER and COIMBRA-FILHO, 1984) . Since this structure is quite unique among the primates (DU BRUL, 1965), it is regarded as an autapomorphy for the genus Leontopi thecus. The arrows indicate the septum in the tympanic cavity.
Discussion
Leontopithecus and Saguinus were once classified into a group based on their sharing long-tusked condition in proportion of lower incisor-canine (e, g., HILL, 1959 (1986) considered that the dental and postcranial characters would tend, on balance, to support ROSENBERGER's hypothesis but the relationships among these genera warranted further study.
The present study presents two significant synapomorphies among Leontopithecus, Callithrix and Cebuella; the existence of the septa in the tympanic cavity (NATORI, 1987) and the quite reduced hypocone on M1. These synapomorphies clearly add to the evidence supporting ROSENBERGER'S hypothesis. Thus, at present his hypothesis is the most reliable.
There were few studies about interspecific relationships of Leontopithecus. According to DELLA SERRA (1951), the similarity be-tween L. rosalia and L. chrysopygus in the upper incisor allowed these species to be classified into one group. COIMBRA-FILHO and MITTERMEIER (1972) suggested that L. chrysopygus and L, chrysomelas were isolated from L. rosalia based on their sharing of a similar configuration of the pelage. However, the two features are plesiomorphies within Leontopithecus (e. g., HER-SHKOVITZ, 1977; ROSENBERGER & COIMBRA-FILHO, 1984) .
In the present study, two apomorphies are found in Leontopithecus. One, very thick upper incisor, is an autapomorphy for L. chrysomelas, but the other, a round-shaped P2, is shared by L, rosalia and L. chrysopygus. This synapomorphy reveals that L. rosalia is more closely related to L. chrysopygus than either is to L. chrysomelas. Apart from the above evidence, the present study supports the interspecific relationships of Leontopithecus proposed by DELLA SERRA -FILHO and MITTERMEIER, 1973; HERSHKOVITZ, 1977) . Their distribution areas are separated from one another and there is no report that more than two species have been found in one area.
The differentiation of primates in the coastal forest of southeastern Brazil was caused by the formation of forest refuge in glacial epoch (KINZEY, 1982) . KINZEY (1982) recognized the Paulista refuge, Rio Doce refuge, Bahia refuge and Pernambuco refuge in this area, and considered that the Paulista refuge was the refuge for L, chrysopygus ; the Rio Doce refuge, for L, rosalia ; and the Bahia refuge, for L. chrysomelas.
As for the interspecific relationships of Leontopithecus, L, chrysopygus is more closely related to L. rosalia than either is L. chrysomelas. The relative ages of the speciation of Leontopithecus must be parallel to that of the formations of these three refuges. Accordingly, the Bahia refuge would have been split off, followed by the separations between the Paulista refuge and Rio Doce refuge. NATORI (1986) postulated the relative ages of the formation of the refuges in the southeastern coast of Brazil on the basis of the interspecific relationships of Callithrix. According to his analysis, the Paulista refuge was separated first, and was followed by the Rio Doce refuge, and finally the Bahia refuge.
The hypothesis by NATORI (1985) is contradictory to that based on the relationships of Leontopithecus. KINZEY (1982) recognized the Rio Doce refuge on the basis of the overlaps of the distribution areas of L. rosalia, Callithrix geoffroyi, Callicebus personatus personatus, Cebus apella robustus and Alouatta fusca f usca. Strictly speaking, however, the distribution area of L, rosalia lies to the south of those of the other forms (HERSHKOVITZ, 1977; KINZEY, 1982) , and is located just between the Paulista and Rio Doce refuges on the map illustrated by KINZEY (1982) . A refuge which completely overlaps with the distribution area of L. rosalia is the Orgaos refuge of JACKSON (1978) 
